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ABSTRACT: From the experiences gained from the field tests some supplementary methods
assisting permeation of cement solutions through silty sand deposits were pursued based on
laboratory permeation tests, and one method was found promising. This method employs the
injection of water, following infiltration of relatively dense cement solutions which would be
terminated by cement particles trapped within micro-scaled silty sand skeletons. However, it is
not enough about the storage of result which perseverance of liquefaction. Unfortunately it is
difficult to use this material for real construction site now. Then, in this study, the authors
group measured dynamic properties by dynamic soil properties test using triaxial test machine
and bender element test machine. Bender element is test method can measure shear moduli
when strain level is about around 10−4% and it can set into triaxial test machine easily. And
authors changed volume of injecting cement and estimated effect of concentration of cement
amounts dynamic properties of grouted sand contained fines.

1 INTRODUCTION

By recent huge earthquake like The Pacific coast of Tohoku Earthquake (East Japan Great
Earthquake, Mw=9.0) in 2011 and Kumamoto Earthquake around northern Kyusyu island in
2016 and so on, a number of liquefaction damage was confirmed in Japan. Incomplete meas-
ures against liquefaction cause big loss for detached houses. Therefore it is imperative that
countermeasures might be developed. On the other hand, it was occurred liquefaction of
ground which contain fines that is broadly known as relatively resistant to liquefaction. One
of the primary concerns among local geotechnical engineers and researchers has therefore
become how to mitigate effects of soil liquefaction on small-scale existing structures built on
liquefiable soil deposits. The lowering of the groundwater table and the construction of lat-
tice-shaped improved soil walls by means of jet grouting are thought to provide most plausible
solutions according to geotechnical engineers and researchers in Japan, provided a sufficient
number of owners of private houses together agree to implement the changes. Wherein the
authors group used “ultra microfine cement” contain crucially microscopic particles much
smaller than normal ones for injecting ground contain with fines it couldn’t injected by exist-
ing cement solidification methods.
The authors group tried test in site of ground contained some fines using this “ultra micro-

fine cement” and confirmed good injection (Hashimoto et.al, 2016). However, it is not enough
about the storage of result which perseverance of liquefaction. Unfortunately it is difficult to
use this material for real construction site now.
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Then, in this study, the authors group measured dynamic properties by dynamic soil prop-
erties test using triaxial test machine and bender element test machine. Bender element is test
method can measure shear moduli when strain level is about around 10−4% and it can set into
triaxial test machine easily. And authors changed volume of injecting cement and estimated
effect of concentration of cement amounts dynamic properties of grouted sand contained
fines.

2 MATERIALS

In this study, the authors used ultra microfine cement as grouting materials. In order to improve
the permeability of cement-based injection material, it is indispensable to reduce the particle
diameter. However, if the particle diameter is simply made smaller than the particle of ultrafine
cement (average particle diameter is about 4μm), the permeability of the cement is not
improved. Therefore, development of extremely fine permeable ultra microfine cement (average
particle size 1 to 2 μm) which reduced particle size and increased dispersibility of particles was
advanced. Figure 1 shows the particle size of ultra microfine cement and microfine cement.
Iwaki silica sand No.7 was used as ground material. Table 1 shows the physical property

values of Iwaki silica sand No.7 and Figure 2. shows the particle size the silica sand has a
comparatively large particle size, but it can be seen that it is a material containing a small
amount of fine grains.

3 TESTING EQUIPMENT

3.1 Sample preparation

In order to investigate the influence of the water cement ratio of the ultra fine cement injec-
tion material on cement solidification, blending tests were carried out with injection

Figure 1. Photomicrograph of grouting materials.

Table 1. Physical characters of

Iwaki silica sand No.7

Parameters Size

Fc (%) 15

ρg (g/cm
3) 2.65

emax 1.26

emin 0.713
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materials of different concentrations. Specimens with a diameter of 50 mm and a height of
100 mm was produced by a falling-in-water method using a plastic mold containing cement
milk of a predetermined concentration in advance. The manufacturing procedure will be
described below.

1. Prepare ultra fine cement and stir at high speed with 1500 rpm of water to prepare injection
material.

2. Transfer the prepared injection to a stirrer and stir to maintain dispersibility.
3. A predetermined amount of injection material is taken out by applying positive pressure

according to manufacturing conditions.
4. Calculate the amount of sand beforehand so that the relative density becomes 60%, and

put the sand into the underwater falling method.
5. Tap the plastic mold. Confirm that the cement injection material penetrates the surface of

the sand and stop tapping.
6. Cure with 7 or 28 days.

3.2 Dynamic soil properties test

In this study, in order to investigate the dynamic deformation characteristics of the improved
sand using ultra fine cement, a dynamic deformation test was carried out using a Cyclic tri-
axial test apparatus. As described in the preceding paragraph, sand was added to a cement
milk-containing mold by the falling water method and test specimens of 50 mm in diameter
and 100 mm in diameter were prepared by adding sand to a predetermined density. And in
this study, the water cement ratio w/c was changed to 8, 10, 12, 14, 16, 20 and tested. In all
tests, the specimen was carried out with an effective constraint pressure σ’c = 50 kPa. Cyclic
shearing was carried out according to the test method of the Geotechnical Engineering Society
“Cyclic triaxial test to obtain deformation properties of ground materials” (JGS 0543). The
elastic modulus and the attenuation factor obtained from the result were calculated from the
hysteresis loop of the 10th iteration cycle.

3.3 Bender element test

As auxiliary experiments, the Authors performed also as series of bender element tests. The
bender elements were arranged such that the transmitter was in the base pedestal and
receiver in the top cap of the triaxial sample. The bender elements were located in the same

Figure 2. Grain size accumulation curve of Iwaki silica sand No.7.
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plane and the transmitter was wired in parallel while the receiver was in series. (Lee and
Santamarina 2005). The reciever was 4.4mm high, 12mm wide and 1.4mm thick, while the
transmitter was 4.1 mm high 12mm wide and 1.2 mm thick. These dimensions include the
thickness of the coating. The height of the element represented the length intruded into the
sample. The bender element system was self monitoring and the voltage generated by a
sensor on the transmitter was recorded as the transmitter signal. Specimens 50mm diameter
and 100mm were prepared by adding sand to a mold containing cement milk beforehand in
the manner of a falling underwater method so as to have a predetermined density. And in
this study, the water cement ratio w/c was changed to 8, 10, 12, 14, 16, 20 and tested. In all
tests, the specimen was carried out with an effective constraint pressure σ ‘c = 50 kPa.

4 TEST RESULTS

Figure 4 shows the relationship between shear modulus G and shear strain γ of cement consoli-
dated sand improved with 6 concentrations of cement milk during curing for 28 days. In the
figure, w/c = 8 (i.e. the lowest cement concentration) the specimen with the highest cement
concentration, showed the highest rigidity among all water cement ratios. In addition, w/c =
12, 16, w/c = 10, 14 show the same tendency. However these cases, w/c = 16, 20 and w/c = 10,
14 concentrations and shear moduli G are reversed. The reason is that when cement milk is
prepared at low cement concentration, separation begins and non-uniform solidification
occurs.
In addition, w/c = 20 shows the lowest stiffness despite the third cement concentration in all

samples. As shown in Figure 3, the shear modulus of elasticity does not depend on the concen-
tration of water cement ratio.
Figure 5 shows the relationship between shear strain γ and G/G0 normalized by shear elastic

modulus G with initial shear modulus G0. Initial shear modulus G0 is shear modulus at γ = 10
−4 in the dynamic soil properties test. In the figure, nearly the same deterioration of rigidity
was confirmed as the shear strain increased at five water cement ratios except w/c = 12. With
w/c =12, as the shear strain increases, the gentle rigidity deterioration can be seen more than
the other 5 cases. From Figures 4 and 5, it can be considered that the case of w/c = 12 is a
singular point.

Figure 3. Status of sample preparation.
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Figure 5 shows the relationship between shear strain γ and G/G0 normalized by shear elastic
modulus G with initial shear modulus G0. Initial shear modulus G0 is shear modulus at γ = 10 −4

in the dynamic soil properties test. In the figure, nearly the same deterioration of rigidity was
confirmed as the shear strain increased at five water cement ratios except w/c = 12. With w/c
=12, as the shear strain increases, the gentle rigidity deterioration can be seen more than the
other 5 cases. From Figures 4 and 5, it can be considered that the case of w/c = 12 is a singular
point.
Figure 6 shows consistency of initial share modulus G0 measured from bender element test

and dynamic deformation test. It is said to be able to compare G at the time of γ = 10−4%
measured by the dynamic deformation test with G of the bender element test. From the
figure, there was not a very good correlation between the bender element test and the
dynamic deformation test. However relatively good correlation was confirmed in low con-
centration samples. In future it is necessary to further accumulate the data of the two
experiments.

Figure 4. Relationship between the shear modulus G and the shear strain γ of cement hardened sand

improved with cement milk of 6 types of water cement in 28 days curing by dynamic shear test.

Figure 5. Relationship between shear strain G and G/G 0 normalized and the shear strain γ of cement

hardened sand improved with cement milk of 6 types of water cement in 28 days curing by dynamic soil

properties test.
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Figure 7 shows the relationship between the shear modulus G and the water cement ratio of
modified soil curing for 7 days and 28 days in the bender element test. Incidentally, G of the
bender element test corresponds to G0 of the dynamic share test. Larger stiffness was con-
firmed when the curing period was longer than the figure. In each curing day, the higher the
water cement ratio was, the lower the rigidity was obtained.

Figure 6. Consistency of initial share modulus G0 measured from bender element test and dynamic

deformation test.

Figure 7. Relationship between shear strain G and water cement ratio w/c of cement hardened sand

improved with cement milk of 6 types of water cement in 7, 28 days curing by Bender element test.
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5 CHALLENGES FOR THE FUTURE

In this paper, we investigated the dynamic deformation characteristics limited to curing 28
weeks, but we could not confirm the law due to concentration of cement milk with respect to
shear modulus and damping constant. In the future, in order to elucidate the behavior of the
dynamic deformation coefficient, test the case of other curing days and accumulate data.
In addition, we introduced a bender element test that can expect more data measurement,

measure more initial shear modulus, clarify the influence of water cement ratio on the
dynamic deformation characteristics of ultramicrofine cement sand it is necessary to make it.
Studies of liquefaction since the 1964 Niigata Earthquake have been mainly carried out on

clean river sands. Liquefaction failures mainly occur in reclaimed land and artificial islands.
Cement milk in sand void consider with affects both monotonic and cyclic strength. In order
to carry out seismic response analyses it is necessary to understand the effect of the fines on
the small strain shear characteristics and in particular small strain shear modulus values. Iwa-
saki and Tatsuoka (1977), Suhapol and Miura (2005), and Salgado et al. (2000), reported that
the dynamic shear modulus for non-plastic soils decreased with increasing fines content.
Authors would like to propose a formula for evaluating the shear modulus G of the modi-

fied soil by replacing the fine grains with cement milk.

6 CONCLUSION

In this paper, dynamic deformation coefficient of consolidated sand of 28 days curing
improved with ultra microfine cement was investigated. In the shear elastic modulus and the
damping constant, it was impossible to confirm the rule due to the magnitude of the water
cement ratio. At G/G 0, almost the same degradation of rigidity could be confirmed except for
one case.
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